Abstract Lal peda is a traditional dairy-based sweet, popular in the Indian subcontinent, but it has a poor shelf life. The lal peda samples were packed in polyethylene bags filled with 3 different gaseous compositions (Air, 70 % N2: 30 % CO2 and 98 % N2) and stored at 10°C. The shelf life was evaluated on the basis of changes in the microbial status of the product such as total plate count, yeast and molds and coliform counts and also the physico-chemical changes such as hydroxy methyl furfural (HMF), thiobarbituric acid (TBA) and free fatty acid (FFA). The microbial spoilage and the indices of chemical changes increased in all the samples with the progression of storage period. The samples packed with air showed significantly higher chemical deterioration and microbial spoilage as compared to the other two combinations. The results showed that samples packed with 70 % N2: 30 % CO2 combination had better shelf stability as compared to the samples packed under air and 98 % N2.
Introduction
Traditional dairy products of Indian sub-continent have a limited shelf life as many deteriorative changes take place during the storage. Milk sweets during storage undergo several physical, biochemical and microbiological changes making them unfit for human consumption (Londhe et al. 2012 ). Sharma et al. (2001) studied the shelf life at room and refrigerated temperatures under controlled conditions for danedar khoa, which has a very poor shelf life under ambient conditions. Several previous studies have reported an increase in the shelf life of traditional dairy foods using hurdle technology, water activity changes, increase in sugar content etc. (Kumar and Srinivasan 1982; Biradar et al. 1985; Thakur et al. 1992; Kumar et al. 1997; Sharma et al. 2001 ), however, not much scientific literature is available on the use of MAP for extending the shelf life of traditional dairy foods except as reported by Biradar et al. (1985) for peda, Rai et al. (2008) and Thippeswamy et al. (2011) for paneer and Londhe et al. (2012) for brown peda.
Lal peda is one of the most popular indigenous heat desiccated dairy products of India, particularly of eastern India. It has been traditionally made on small scale by local sweetmeat makers. It is made from khoa obtained from either cow milk or buffalo milk or combination of both. Lal peda has a characteristic brown-red colour developed during heat processing due to caramelization of khoa along with sugar. In a previous study, Jha et al. (2012) reported the shelf life of lal peda as 9 and 30 days at 37 and 4°C, respectively. In the present study, the lal peda samples were stored under different combinations of N 2 and CO 2 (98 % N 2 : 0 % CO 2 ; 70 % N 2 : 30 % CO 2 ) and effects on microbial status, textural and physico-chemical attributes were studied during storage.
The shelf life of a product can be altered by changing its composition and form, the environment to which it is exposed, or by the packaging system (Harte and Gray 1987) . The deteriorating agents of the food quality are oxygen contained in the air and microorganisms such as bacteria and mold. Oxygen promotes several types of deteriorative reactions in foods including oxidation of fat, browning reactions and pigment oxidation. Most of the common spoilage bacteria and fungi require oxygen for growth. Therefore, to increase the shelf life of foods, the package atmosphere should contain a low concentration of residual oxygen (Sandhya 2010) . In order to increase the shelf life of perishable products, different techniques could be applied, among them modified atmosphere packaging (MAP) could be an interesting possibility because of the high demand for additive-free products (Floros and Matsos 2005) . Numerous researches related to the MAP technique on different foods have been reported, where chemical preservatives are used to prevent or minimize the microbial growth (Ponte et al. 1993) . However, the addition of chemical additives (preservatives, antioxidants, colorants, etc.) has frequently been associated with certain health problems, including allergies, and other more serious illnesses such as the initiation of carcinogenesis (Halliwell et al. 1995) .
By using MAP technique, the need of chemical preservatives can be reduced or eliminated while maintaining a desired shelf life for the packaged food product (Fernandez et al. 2006 ). MAP technique is based on changing the gas combination of packaging of the products. MAP has been used to preserve the freshness of many food products and can improve the food safety under certain conditions (Hotchkiss 1989; Farber et al. 1990 ). Compared to traditional product packaging methods, MAP offers many key benefits-the most important of which is extending the shelf life (Farber 1991) . MAP of foods has proved to be capable of extending the shelf life of many foods by altering the relative proportions of the surrounding atmospheric gases. MAP can bring about changes in the respiration rate, microbial growth, oxidation reactions and thus affects the shelf life of food products (Mangarj and Goswami 2009) . CO 2 , O 2 and N 2 are normally used in MAP. These gases are tasteless and have peculiar characteristics such as CO 2 inhibits the microbial growth as well as insect infestation in packaged stored products and N 2 is an inert, tasteless gas mostly used as a filler gas. However, N 2 is being insoluble in water is preferred over CO 2 as it is resistant to the collapse of packaging material, commonly seen in CO 2 packaged products (Ponte et al. 1993; Smith and Simpson 1995; Kotsianis et al. 2002) . Generally O 2 concentration must be below atmospheric levels (i.e. < 21 % v/v) (Farber 1991; O'Conner et al. 1992) . The most important gas from a microbiological stand point is CO 2 , which effectively inhibits the growth of spoilage bacteria and molds (Hotchkiss 1989 ).
Materials and methods
The present work was carried out in the laboratory of Centre of Food Science and Technology, Banaras Hindu University, Varanasi, India. Lal peda was manufactured using milk standardized to 6 % fat and 9 % SNF. The Milk was procured from the Dairy Farm, Banaras Hindu University, Varanasi, India. Sugar used for the manufacture of lal peda was procured from the local market of Varanasi, India.
Manufacture of lal peda Milk was concentrated by heating and continuous stirring, upto 67 % total solids for making khoa. Khoa was then kept for 15 min and cooled to 25±3°C. Khoa and sugar (35 % of khoa) were taken in a jacketed vessel and heated for desiccation by continuous stirring till a product with reddish brown colour (lal peda) was obtained. Lal peda was cooled to 25±3°C and was cut into 1.5×1.5 cm rectangular pieces of 1 cm height, using a sharp edged knife. Detailed process for the manufacture of lal peda as given by Jha et al. (2012) was followed. The average final moisture content of the product was 15.0±0.12 %.
Packaging and storage of lal peda under MAP The lal peda samples (100 g) were packed in polyethylene pouches (5 layers, dimensions; 26×15 cm of 0.1 mm thickness) using MAP equipment Reepack®, VAC-STAR, S 220 MP, Switzerland and MAP mix 9000 Gas mixer, manufactured by PBI DANSENSOR A/S, Ringstead, Denmark. The 5 layers comprised of an alternate layer of low density polyethylene (LDPE) film with bonding layer. The oxygen transmission rate of the LDPE film was 480 cc/0.001 inch/100 inch 2 /24 h/atm O 2 and the water vapour transmission rate of the LDPE film was 1.2 g/100 2 inch/24 h at 90 % RH. The packaging material was procured from Suprabha Protective Products Pvt. Ltd., Pune, (India). Two different combinations of gases i.e. 98 % N 2 (with 2 % oxygen impurity) and 70 % N 2 /30 % CO 2 were used to pack the lal peda samples. The samples packed under the air were kept as control. The samples were stored in a BOD incubator (Remi Elektrotechnik Ltd., New Delhi, India) at 10°C at 60 % relative humidity and were analyzed for microbial, textural and physico-chemical changes at an interval of 10 days.
Microbial analysis All the samples were subjected to microbiological analysis for total plate count (TPC), yeast and mold count (YMC) and coliform counts. The TPC was determined by surface spreading the homogenate (prepared by macerating the lal peda samples in pestle and mortar) with 10 −2 dilution on plate count agar (PCA) and incubated at 37°C for 24-48 h. For mold and yeast detection, 10
−2 dilution of sample was spread on potato dextrose agar (PDA) and incubated at 25°C for 24-48 h. Coliforms in the samples were estimated by plating 10 −2 dilution on Violet Red Bile Agar (VRBA) before being incubated at 37°C for 24-48 h.
Moisture content The moisture content in lal peda samples was analyzed using the AOAC (2000) method. It was expressed as % moisture content in lal peda.
Texture profile analysis (TPA) TPA on lal peda samples was performed by using the texture analyser TA.XT plus, Exponent Lite (Stable Micro Systems, Surrey, UK). TPA was done to characterize the hardness, adhesiveness, springiness, cohesiveness, gumminess and chewiness of the product. The sample of lal peda was cut into size of 1.5 cm length, 1.5 cm in breadth and 1 cm in height and their temperature was maintained at 25°C during the textural analysis. The sample was subjected to monoaxial compression of 5 mm height. The force distance curve was obtained for a two bite compression cycle with the test speed of 1 mm/sec and trigger force of 5 g. The time gap between the two successive bites of TPA test was 11 s.
Hydroxy methyl furfural (HMF) The HMF content in lal peda was determined by the method of Keeney and Bassette (1959) with slight modifications. Lal peda (0.5 g) sample was thoroughly mixed with 9.5 mL distilled water. Then, 5.0 mL of 3 N oxalic acid was added and the tubes were kept in boiling water bath for 60 min. The contents of the tubes were cooled and 5 mL of 40 % trichloroacetic acid solution was added. The precipitated mixture was filtered through Whatman No. 42 filter paper. Filtrate (0.5 mL) was pipetted out into a 5 mL test tube followed by 3.5 mL of distilled water and 1 mL of 0.05 M thiobarbituric acid solution (aq.) and was mixed well. Tubes were kept in water bath at 40°C for 50 min. A blank was run in the same manner as those for the samples, substituting distilled water for lal peda. The samples and standards were measured against the blank at 443 nm (UV-1800, UV Spectrophotometer, Shimadzu Corporation, Kyoto, Japan). A standard curve of HMF concentration and optical density at 443 nm was drawn by using a range of 1.0-10 μmol/mL (0.5 mL aliquot) HMF concentrations.
Thiobarbituric acid (TBA) The extent of oxidation of fat in lal peda was measured in terms of thiobarbituric acidreactive substances (TBARS) value. The extraction method of Strange et al. (1977) was adopted with slight modifications. For estimation, 2 g sample was taken and blended with 50 mL of 20 % TCA (trichloroacetic acid) and 50 mL of distilled water. The contents were left undisturbed for 10 min followed by filtration. Further, 5 mL of the filtrate was pipetted out in each test tube followed by 5 mL of 0.01 M 2-thiobarbituric acid. The test tubes were heated in boiling water bath for 30 min at 95°C for colour development. The contents were then cooled to 30°C and absorbance was determined at 532 nm (UV-1800, UV Spectrophotometer, Shimadzu corporation, Japan). Blank determinations were made using distilled water in place of sample. TBA value was expressed as absorbance at 532 nm.
Free fatty acid The method prescribed by Deeth et al. (1975) was used to determine the free fatty acid (FFA) content of lal peda.
Statistical analysis
One-way analysis of variance (ANOVA) was performed as described by Snedecor and Cochran (1989) , to test the significance of data in each trial and parameter. All the data was expressed as mean ± standard deviation from three independent experiments.
Results and discussion
Microbial analysis Lal peda samples were analyzed at an interval of 10 days of storage for microbial changes. The initial population of total plate count and yeasts and mold count was 4.60 and 2.70 log 10 cfu/g, respectively. Coliforms were not detected in the samples throughout the study. Microbial counts in different gas combinations are shown in Table 1 . In the samples stored under air as packaging atmosphere at 10°C, microbial activity reached the critical limits within 30-40 days (5.31 log 10 cfu/g). Hence, further storage of samples stored with air was discontinued after 30 days.
In the samples stored with 98 % N 2 , there was an increase in the TPC and YMC, within 60 days and no coliforms were detected. Critical limits were reached at 60 days of storage. Similarly, when stored in 70 % N 2 : 30 % CO 2 atmosphere package, the total plate count and yeast and mold populations displayed a continuous increase during 60 days of storage period. However, if compared with the samples containing 98 % N 2 , the growth of the microbial populations was lower in the case of 70 % N 2 : 30 % CO 2 atmosphere package during the 60 day storage period. As mentioned above, the microbiological quality of the lal peda at the time of packaging was as good as it is possible, without working under sterile conditions. The control sample supported the growth of microbial flora as the gaseous atmosphere was same as air containing oxygen. The samples containing 98 % nitrogen displayed delayed microbial growth as nitrogen is an inert gas which does not support microbial growth. However, as observed, samples with the gas combination of 70 % N 2 : 30 % CO 2 displayed increased inhibition of microbial growth when compared to samples containing 98 % N 2 , probably due to the bacteriostatic effect of CO 2 , as mentioned in several earlier reports (Daniels et al. 1985; Banks and Annis 1990; Davis 1998; Devlieghere and Debevere 2000) . Smith et al. (1986) reported that the gas packaged (40 % N 2 : 60 % CO 2 ) crusty rolls with the headspace O 2 concentration never increased beyond 0.05 % and the rolls remained mold-free even after 60 days.
Changes in the moisture content It was observed that there was a gradual loss of moisture during the storage period of 60 days, in control samples as well as samples stored with 98 % N 2 and 70 % N 2 : 30 % CO 2 gas composition (Fig. 1a) .
However, moisture loss was observed the least in the samples stored at 70 % N 2 : 30 % CO 2 , during the 60 days storage period . The sensory evaluation (data not shown) of the lal peda samples revealed that samples with moisture content for control range of 12.5-15.5 % is ideal for good texture of the product. Hence, the packages of the samples stored with Changes in the textural properties There was a steep rise in the hardness of the samples stored under air as package atmosphere (Table 2 ). This could be attributed to the continuous reduction in moisture content or sugar crystallization. This is in accordance with the earlier findings of Gupta et al. (1990) , Patel et al. (1990) and Suresh and Jha (1994) who reported that the increased hardness of khoa correlated with the increase in the total solids and that the moisture content of peda had a direct relationship with the hardness. Adhesiveness is related to the sensory stickiness. It was observed that the adhesiveness for all the three samples displayed a gradual decline. The adhesiveness for the samples ranged between 67. 27-191.73, 86.27-191.73 and 97.76-191 .73 g.s for samples containing air, 98 % N 2 and 70 % N 2 : 30 % CO 2 , respectively ( Table 2 ). The decline in the adhesion could be due to the decrease in free moisture during storage. The adhesiveness of the lal peda samples were found to be higher than that reported by Londhe et al. (2012) in brown peda. The higher adhesiveness values could be attributed to the higher moisture content in the lal peda.
Springiness refers to a food's ability to return to its original form after compression. It is the height that the sample recovers between the first and second compression. Springiness values of lal peda during storage with air, 98 % N 2 and 70 % N 2 : 30 % CO 2 ranged between 0.25-0.31, 0.25-0.38 and 0.25-0.39, respectively. The lal peda samples in all trials showed an increasing trend in springiness. Current findings were in accordance with Palit (1998) . Cohesiveness is the ratio of area under the second bite curve before reversal compression to that under the first bite curve. It is the measure of the extent to which the lal peda structure was disrupted during the first compression. Cohesiveness of the samples packed with air, 98 % N 2 and 70 % N 2 : 30 % CO 2 was in the range of 0.24-0.31, 0.24-0.28 and 0.24-0.26, respectively. Cohesiveness of the product initially increased significantly (p<0.05) and then decreased insignificantly (p<0.05) during the storage period (Table 2) . However, the cohesiveness of the MAP packed product remained fairly constant throughout the storage. Londhe et al. (2012) have reported that cohesiveness of MAP packed brown peda remained constant upto 20-30 days. Current findings are in accordance with this observation. Loss in moisture content may be responsible for the decrement in the cohesiveness with the progression of storage. Similar findings have been reported by Gupta et al. (1990) , where cohesiveness of khoa tended to decline with increasing the total solids.
Gumminess is related to the primary parameters such as hardness and cohesiveness and it is obtained by multiplication of these two parameters. Chewiness refers to the energy required to masticate food into a state ready for swallowing and is a product of gumminess and springiness. The gumminess of MAP modified atmosphere packaging the samples followed the same trend as that of cohesiveness. There was a sharp increase in gumminess for all the samples followed by a gradual decline during the storage. Chewiness did not show much variation throughout the storage period.
Changes in the HMF content HMF is an index of browning in the dairy products. It is more important in the case of lal peda, as the product is recognised and is popular due to its characteristic brown colour and caramelized flavour. The HMF values (μ moles/100 g) of the 3 samples are depicted in Fig. 1b . The HMF content of the samples increased gradually with the storage period. The increase in the HMF content of the sample containing 98 % N 2 and 70 % N 2 : 30 % CO 2 was similar ranging from 105.90108.20 μ-moles/100 g to 108.20 μ moles/100 g in the storage period of 60 days. On the other hand, the HMF content of the lal peda stored with air as package atmosphere increased from 105.90 μ moles/100 g to 108.35 μ moles/100 g during the storage period of 30 days. It is evident from Fig. 1b that rate of formation of HMF in the lal peda samples reduced with the alteration of gaseous composition of the package. The control sample showed the highest HMF content during storage. While, the HMF content was lowest in the samples packed with 70 N 2 : 30 CO 2 of gas. Londhe et al. (2012) studied the effect of packaging techniques on the shelf life of brown peda, a milk-based confection. They reported that during storage, the highest increase in the HMF was in the control samples packaged in cardboard boxes on the 20th day of storage and the lowest content of the HMF was in the MAP packaged (40 % CO 2 : 55 % N 2 and 60 % CO 2 : 40 % N 2 ) samples. Current findings were in agreement with these observations.
Changes in the TBA value The values of TBA measured in terms of absorbance at 532 nm varied from 0.181 to 0.275 during the 30 day storage period, in the case of samples stored under air as package atmosphere (Fig. 1c) . The samples stored in both the modified atmospheric packages displayed slow deteriorative changes as compared to the control samples, with TBA values ranging from 0.181-0.266 to 0.181-0.246 for samples with 98 % N 2 and 70 % N 2 : 30 % CO 2 gas composition, respectively. This shows that the packaging of lal peda samples with both the combinations of 70 % N 2 : 30 % CO 2 and 98 % N 2 had an inhibitory effect on the Maillard reaction.
Changes in the FFA FFA is the measure of free fatty acids liberated from the fat globules because of processing or fat degradation occurring prior or after manufacturing. The rate of increase of FFA content was maximum in the samples stored with air as packaging atmosphere, where the FFA increased from an initial value of 11.5 to 14.63 (μ eq/g) during the storage period of 30 days (Fig. 1d) . Jha et al. (1977) and Kumar et al. (2010) also reported that FFA in khoa increased significantly with the progression of storage period. The FFA content of the lal peda stored under MAP was in the range of 11.5-14.56 μ eq/g during the storage for 60 days. The reason for the delayed lipolysis of the lal peda during storage under MAP could be attributed to the absence of oxygen in the package during storage. Oxygen is the causative factor for the occurrence of lipid oxidation in foods and in this case, elimination of oxygen from the package reduced the deteriorative changes. Similar findings have been reported by Hong et al. (1995) where lipid oxidation in cheeses was significantly reduced by the removal of oxygen from the package environment.
Conclusion
From the studies carried out, it can be concluded that the shelf life of lal peda can be enhanced significantly by the application of MAP. The critical limits of the microbial load were achieved after the storage of 60 days for the samples stored under MAP as compared to the control samples which was unfit for consumption after 30 days. The study indicates that although both the samples under MAP displayed shelf stability of lal peda upto 60 days, the combination of 70 % N 2 : 30 % CO 2 depicts higher acceptability in comparison to 98 % N 2 , thereby making it more desirable for storage. This study also assumes significance for the preservation of many more indigenous dairy foods using MAP and will lead to many more researches on similar lines.
